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病毒（Varicella-zoster virus，VZV）引起。同时 VZV 也是导致带状疱疹（HZ）
的病原体，具有严重的危害性。现今使用的 VZV 减毒活疫苗株（vOka）是唯一
获 WHO 批准使用的水痘/带状疱疹疫苗株，然而有研究显示，vOka 为混合毒株
且仍具备感染和潜伏神经系统的能力，可能存在较复杂的安全性隐患。因此，迫
切需要发展新型的可消除长期隐患的水痘疫苗株，而 VZV 关键毒力因子的发现
和验证是开展该研究的核心基础。本研究在前期发现 VZV ORF7 抗原缺失可影
响病毒在体外人皮肤中感染的工作基础上通过建立包括人皮肤、胸腺、背根神经
节移植人鼠嵌合模型在内的 VZV 体内外感染模型全面系统评价了 ORF7 抗原对
VZV 毒力的影响，为 VZV 新型减毒株的建立提供重要依据。 
本研究引进建立了基于 VZV Oka 株的细菌人工染色体 BAC 系统（DY380
重组系统），应用该系统构建了 ORF7 全基因敲除的重组 VZV 毒株（rOka△7）
及其 ORF7 基因再次恢复毒株（rOka△7R）。体外细胞感染实验显示，上述毒
株均可在Mewo细胞和ARPE-19细胞中进行培养。由于目前尚无针对VZV ORF7
抗原的检测抗体，本研究表达并纯化了 ORF7 抗原，免疫小鼠后筛选获得了 11
株可特异结合 ORF7 抗原的单克隆抗体以及 1 株兔多抗。同时，应用连续步移的
合成肽鉴定获得了上述单克隆抗体的表位。评价实验结果显示，其中 3G11 和 8H3
单抗可很好地应用于 ORF7 抗原的 Western-blotting、免疫荧光检测。同时，本研


























上述研究证明了，ORF7 是一个新型的 VZV 皮肤和神经感染趋向性因子，ORF7
敲除可导致 VZV 同时在皮肤和神经组织中的减毒。 
同时，本研究应用人胸腺组织移植人鼠嵌合模型研究发现，rOka△7 与未
敲除对照病毒均可在人胸腺组织中复制。对分离的人树突状淋巴细胞（DC）的
感染实验显示，rOka△7 与对照病毒均可感染人 DC 细胞。这说明，VZV 在人 T
细胞中的感染和复制不依赖于 ORF7 抗原。由于人淋巴组织的感染是人体对 VZV
减毒疫苗产生免疫反应的重要组织，rOka△7 可感染人 T 细胞有利于 VZV 作为
免疫原被包括人 DC 细胞在内的淋巴细胞识别及呈递。上述研究显示了，rOka△7
有望成为一种新型皮肤神经减毒候选疫苗。 
本研究也初步探索了 ORF7 的可能作用机制。免疫检测显示，ORF7 主要





响，证明了 ORF7 是一个新型的 VZV 皮肤和神经感染趋向性因子，ORF7 敲除





















Varicella is an acute, high contagious viral disease, and the causative agent is 
Varicella-zoster virus(VZV), VZV is also the causative agent of Herpes zoster(HZ) 
So,it is a hamful virus.VZV live attenuated vaccine strain (vOka) used nowadays is 
the only licenced varicella zoster vaccine by WHO. But research shows that this 
vaccine is a mixed strain remain neurovirulence and the capacity of establish latency 
in host sensory ganglia.So, there may exsist security hidden danger of this vaccine 
strain. Study and develop a novel skin and nerve attenuated live vaccine is of 
significance.Discovery and validation of VZV key virulence factors is the center of 
this research.In this study, we construct human-mouse chimeric model including 
human skin,thymus and dorsal root ganglia for VZV infection in vivo and in vitro ,by 
this model we comprehensively and systematacially evaluate the role of ORF7 
antigen in VZV infection basis on previous data of the deletion of VZV ORF7 may 
led to VZV loss the ability of skin infection.Our work provide an important basis for 
devloping novel VZV attenuated strain.   
In this research we established DY380 recombination system which base on 
VZV bacterial artificial chromosome (VZV BAC). Utilize this system,we construct 
ORF7 knockout virus (rOkaΔ7) and ORF7 rescue virus(rOkaΔ7R). In vitro study 
showed all virus of rOkaΔ7, rOkaΔ7R and rOka can replicate in MeWo cells and 
ARPE-19 cells.Since lack of ORF7 monoclonal antibodies for ORF7 protein 
detection,we screened and prepared 11 strains of ORF7 Mabs, and we also produced 
ORF7 rabbit polyclonal antibody. ORF7 Mabs epitope obtained through synthetic 
peptide ELLSA assay.Finaly,we found two of these Mabs 3G11 and 8H3 can be used 
in the Western bloting and immunofluorescence test of ORF7. At the same time,we 
also use ORF7 antibodies for furth proof of rOka△ 7 successfully delet ORF7 gene. 
  Human-mouse chimeric model is a model base on xenoplastic transplantation of 
















vascularize and grow.At the aspects of simulation authenticity and achieve long–term 
infection, this model has significant advantages and value for in vivo studying of 
human major virus including VZV. In our work,we contructed Human-mouse 
chimeric model of skin,thymus and DRG,and combined the use of small anmal living 
image system,we successfully construsted VZV infection model for continuously 
tracking VZV replication. Base on this model, we found that rOka△7 cannot infect 
and replicate in human skin,and couse skin lesions compareed to wild-type virus.We 
also discovered that rOka△7 cannot replicate in human DRG implants and lost the 
ability of cousing neural tissue pathological change.Further detected viral DNA in 
VZV infected DRG implants by Fluorescent in situ hybridization(FISH),we also can’t 
find VZV DNA in rOka△7 infected DRG implants.Use rOka△7 infect cultured DRG 
tissue and neuroblastoma (NB) cells in vitro also represented serious growth 
deficiency.Above research prove that ORF7 is a novel VZV skin and nueral tropic 
factor.The deletion of ORF7 can led to attenuated virulence in skin and neuron. 
Simultaneously, we found that rOka△7 have the similar replicate ability with 
rOka in thymus implants of human-mouse chimeric model and human dendritic cells 
(DC),This results indictated that ORF7 is nonessencial in VZV infect T-cells and DC 
cells.Since VZV infect lymphatic tissue and DC is important for inducing VZV 
specific immune responses,so rOka△7 can infect T-cell and DC cells may in favour 
of VZV as a immunogen to identified and presented the antigenicity by T-cell and DC 
cell. The research shows that, rOka△7 strain is expected to developing a novel 
candidated skin and neural attenuated vaccines. 
    This study also preliminary explored the possible role of ORF7 in VZV 
pathogenic mechanism. Preliminary data showed that ORF7 mainly locate in golgi 
TGN of rOka infected cells and within VZV virus. Besides ORF7 knockout will affect 
syncytial formation, suggestting that the formation of the syncytial may not only need 
virus glycoproteins but also need ORF7.  
















chimeric models and applicated including skin,thymus and dorsal root ganglion 
chimeric model of VZV in vivo and in vitro infection models we comprehensive 
evaluate the influence ORF7 protein in VZV virulence,and proves that ORF7 is a 
novel VZV skin and neural tropic factor, suggestting that rOka△7 strain is expected 
to develop as a new skin and neuron candidated vaccine, and the preliminary study of 
ORF7 may provide important basis for the further study the functions of ORF7. 
 
 



















aa: amino acid, 氨基酸 
VZV: Varicella zoster virus, 水痘带状疱疹病毒 
Amp: Ampicillin, 氨苄青霉素 
DMSO: Dimethyl Sulfoxide, 二甲亚砜 
DNA: Deoxyribonucleic acid, 脱氧核糖核酸 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
IFA: Indirect Immunofluorescent Assay, 间接免疫荧光检测 
FBS: Fetal Bovine Serum, 胎牛血清 
HRP: Horseradish Peroxidase, 辣根过氧化物酶 
Ig: Immunoglobulin, 免疫球蛋白 
Kan: Kanamycin, 卡那霉素 
kD: kilo Daltons, 千道尔顿 
mAb: Monoclonal Antibody, 单克隆抗体 
mRNA: Messenger RNA, 信使 RNA 
MW: Molecular Weight, 分子量 
NC: Nucleocapsid protein, 核衣壳蛋白 
NK: Natural Killer Cell, 自然杀伤细胞 
PBMC: Peripheral Blood Monouclear Cells, 外周血单核细胞 
PC: Phosphatidylcholine, 磷脂酰胆碱膜 
PCR: Polymerase Chain Reaction, 聚合酶链式反应 
PEG: Polyethylene Glycol, 聚乙二醇系列 
PH: hydrogen ion concentration, 氢离子浓度指数 
polyA: Polyadenosine, 多聚腺苷酸 
RNA: Ribonucleic acid, 核糖核酸 

















HSV:Herpes simplex virus,单纯疱疹病毒 
WHO: World Health Organization, 世界卫生组织 
Luc:luciferase,荧光素酶 
PHN: Postherpetic neuralgia ,带状疱疹后神经痛 
BAC: bacterial artificial chromosome,细菌人工染色体 
SCID: severe combined immune deficiency mice:重症联合免疫缺陷鼠 
ORF: Open Reading Frame,开放阅读框 
DC: dendritic cell，树突状细胞 
FISH: Fluorescent in situ hybridization,荧光原位杂交 
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图 1 水痘和带状疱疹[2] 
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